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P ESCRTPTION 

vn)r.ATJLy matiuces formatrix^assisted laskr 

DESOlRPTJiON/IONrZ ATlIOyMASSSPECTROMr.TWY 

5 1 Background of the m^NTHON 

1.1 Field oir Ihe Invenlion 

This invention relates to \'olatilc pholoabsorbing mairlccs* hjivJng a low subiiuialioa 
temperaiutx: Tot use in ibc mxss spectrometric analysis of iarge. nonvolatile thoJcctiIc^j. This 
mvunlion aiso reiates to methods for preparing samplec; coniainiTis: large, nonvolatile analyie 
1 0 molecules for Jabcr dcjyorption mass specirometrj' employing such maTficss. 

1.2 Description of Related Art 

Approximately 4,000 human disorder acxs atiributed to genetic caascs. Hundreds of 
Bcncs responsible for various disardcT:^ have been mapped and iicqucncc inionnalioii is being 

15 accumularsd rapidly. A i>rincipal goal of the Human Genome Project is to find al] genes 
associated with each disorder. The dcfiniiivc diagnostic test for at^y spccinc jrcnctic disiease (or 
predisposition Ui disease) will be tbe identification of polymoiphic variations in the DNA 
sequence of affecied cells that resall in altemlions of gene fluiction. Furthermore, response to 
specific rnsdi tat ions may depend on the presence t)f polymorphisnib, Developing DNA (or 

20 RNA) screenitig a,s ;j pmctici^l loo! for medical diagnostics requires u method tliat is 
inexpensive, accurate, expedhious, and robust. 

Genetic potymoiphisms and mutations can manifest themselves in several forms, such 
as point polymorphisms oi pyinl mutations v/here a single base is changed to one of the three 
other hiiiii:^, deletions where one or more bases are removed from a nucleic acid sequence and 

25 the bases flanking the deleted sequence are direcily linked to each otlier; insertion* whisxe n^w 
bases are inserted at a particular poiiit in a nucleic aekl scqiiejice adding additional icni$th to the 
overall sequence; and expansions and reductions of repesaiini^ sequence motifs. Large insertions 
and deletions, ohen the reiiull of chromosomal reeombinaitoii aod rearrangsment evetiis. can 
lead to partial or complete loijs of tbi; activity of a gene. Of these forms of polymorphism, in 
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g<ineral the most difficult type of change id ?vcrccii for uiid detect iR the point polymorphism 
because ii rLprc^iCtits thii srciiilliist d^sgree ofmolevuhii change. 

Altiiougb R number of genetic defects can be linked 1o a specific single point niuialion 
within a gent?, c\i}. stickle cell anemia, many are caused by a wide spectrum of different 
5 muiatious thioughout tlie Bene. A typical gene thai might be screened could be anywheri; fifom 
1,000 to 100,000 bai;cy in length, though smaJier and larger genes do exist. Of that amount of 
DNA. only a fraction of the base pairs actually encode the protein. These discontinuous protein 
coding regions are culled exons and the remainder of the jicnc is referred lo :i.s intiT>r'5. Of the<;e 
two types of region^:, exons often ccfiiain Uic most important sequences to be screened. Several 

10 complex ppoccauTCS nave been developed for scanning Rcncs in order to detect polymorphi,scns. 
Tliese procedures arc applicable to both cxonii and introjis. 

In icrms of current use, most of the methods to scan or screen gcriers employ ahih or 
capillar)' gc! electrophoresis for the separation and detection step in flie assays. Gel 
electrophoresis of nucleic acids primarily provides relative ^hc infonnatioii based oei mobiliiy 

13 through the gel matrix. If calibration standards ai'c employed, gel electrophoresis can be iised 
to measure absolute und relative molecular weights of large biomolecules witli some moderate 
degree of accuracy: even then, the acetiracy is typically only 5% \o 10%. Also the molecular 
weight resolution is limited, in cases where two DNA fragmonii! with the ideiitical number of 
base pairs can be separated, for example, by using liigh concemration polyuerylamide geb, il h 

20 still not possible to identifj' which band on a gel correspondjs to wluch DNA fragrnciit without 
performing secondi^ry labclinj^ experiments. Thus, gel electrophore:>iy techniques can only 
dctcimine size and cannoi provide any in formiaTian about ciinuges In bus:; composition or 
sequence witliout performing more complex sequencinij riiaeliona. Gel-based techniques, tor 
the most pari, wre dep«ndiinl on hibeling or staining methods to visualize and discrimijiate 

25 between different nucleic acid fragments. 

Many methods in use today capable of screening broadly for genetic polymoiphisms; 
suffer fiom technical complication and arc labor and time mtenslve. Single strand 
conformational polymorphism (SSCP) (Orita aL, 1989), denaturing gradient gel 
electrophoresis^ (DGGE) (Abnuas et oL, 1990), chemical clcavi^e at mismatch (CCM) {Saleebn 

30 and Cotton, 199.'^), cuTymaLic niL^match clecivage (EMC) (Youii er ui^ 1995):, and cleavage 
fragment lengdi polymorphism (CFLP) procedures arc eunemly gel-based, making them 
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ciirabersome to aiitoniaTe aiid pL^rforni cfTiciently. Thus, Lhere is n need for new methods that 
CAJi j>rovide cost ciTcctivc ;mci expedhio'js means for screening genetic material in an clTorl 10 
detect geaetic mntatiojis and diagiiohc related medical conditions simply, quickly, accurately, 
and iTLLiKpensively, 

5 Another approach thai iij li^iving ^omc suci:cs^;> iij to employ raas5 spcclromciT>' lo screen 

for ajDd dticcL jjweLic muCiilioiu as well as to sequence nuclcie acids, lii order to measure the 
mass of nonvolatile high molecular weight molecules, typically greater than 1000 Da, in a mass 
spectromeier^ the anaiyie molecules must first be volatilized or converted into gas-phase ions. 
Although direct laser dcsotplion of the nea: anaJyte is one approach to volstihzing tlie 

10 molecule. Uic energy deposited into the anahte may induce fragmentation and lead lo results 
that are ambiguous or difflcull lo analyze. I he lak I980's saw the vise of two ntnv mats 
spmromeliic techniques which are potentially suitable for genetic screcnis^g tests b>' 
successfully measuring the masses of intact very large biomoleculcA, namely, matrix-assisted 
laser dcsorplioa-ionization (MALDI) tinie-of-tlighi mass sp*:c:irometiy (TOF MS) (Tanaka 

15 et aLy 1988; Spcnglcr et aJ,, 1989) and clcctrospray ionization (ES) combined with ci variety of 
mfls.s analyzers. The MALDI mass spectrometric techniqui: cun also be used vrith methods 
other than time-of-flight> for example, magnetic sector, Fo-jrier-transfomi ion cyclotron 
rK^onance, quadrupole. and quadrupole trap. 

MALDI"TOF MS involves laser pulses focused on a small sample pl?iic t>n whicli 

20 analylc molecules (/.£?. nucleic acids) are embedded in cuhcr « solid or liquid matvix which is 
typically a small, highly absorbing material, such as a suiall aromauc organic moleculi;. The 
volatilization of intact fragile mokcuks bettcRl$ from the use of jnairix-asststcd laser 
desnrpiicin ionization because the radiative energy from the laser pulse is coupled indirectly into 
the analjic ihrough the matrix moJecuies. Typically, the anahnx; molcculea aie erystallizccl wiih 

25 a large molar excess^ of a pholuabsorbing mauix (see U.S. Patem Nos. 4,920.264 and 5, 1 1 8,937, 
incorporated herein by reference). An advance in XlALDl analysis of polynucleotides was the 
discoveiy of 3^bydrox>'picolinic acid {3-IIPA) as a suitable matrix for mixed-base 
oligonucleotides (Wu, et al, 1993). 

The laser pulses transfer ener^' to the matrix causing a microscopic ablation and 

30 concomitant ionization of the analytc molecules, producing a gaseoLw plume of intacl* charged 
nuclcie acids in single-siranded form. It is thought lhai upon laser excitation the matrix 
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molecules; arc rapidly lieated luid ejected into the gaij phaisc, cairyinj^ Emaiyie molecule.^ into the 
expansion plunie of moliicuJi^ und ion;^. k h thought that gas-phase ioD-moJeculc collisions 
subjsequently n^nize tlie neutral ajialyie inolcculci^ in the near-surface region, often via proton 
transfer. Tlie matrix thu$ functions as both an energy- aud charge-rransfcr species. If double^ 
5 stranded nucleic acids are analyzed, Ihe MALUl-lOF MS typically lesuUf* in deteciion of 
mostly charged dctialured singJe-stranded nucleic acids, 

Thu ions generated by the laser pulses wrc accelcrared to a fixed kiiiuijc (jncrgy by a 
strong electric field and then passed throi:gh an alccttic field-free region in vacuucn, traveling 
wiih a velocity conesponding to Ihcit rc^^pcclive mass-ro-charge ratios (m//). 'l*hus> the smaller 

Kl hl'z ions will iravd through the vacuum region faster than the latyer ni'Z ions thereby causing a 
separation. At the end of the cleeiric ri;;ld-lree region, the ions collidL- with a dclector thai 
generates a signid us each set of ions of a particular mass-to-eharye ratio strikes the detector. 
Usually for a give:i assay, 10 to 100 mass spectra re^iuliing from individual laser pulses arc 
sunmied together to make a single composite mass spectiuni willi an improved signal-to-noise 

15 ratio. 

The mass of an ion (such as a charged nucleic acid) is mea$urx;d by using its veJocity to 
deterniirie Lhe mass-to-chargc ratio by tttnc-of-fliijiit ajialysis. In other wrds, the mass of the 
molecule directly coiTelales with the time it takes to travel from the Siimpic plaic lo the detector. 
Tlie entire process takes only microseconds. In an automiti^d upporatui;, ictis to hundreds of 

20 samples can be analyzed per minuie. In addition lo speed. MAUM-'lOF MS has one of the 
largest mass ranges for mass speetxonietri;; devices. The cun-ent mass range for MALDI-TOF 
MS is from 1 to 1,000,000 Da (measured rccenlly for a protein) (Nelson et aL, 1995), 

The peiforinance of a luass spectrometer i.^ rneasured by its sensitivity, mass resolution 
and mass accuracy. Sensitivity is meiisiired by the amount of material needed; it generally 

25 desirable and posiiible with mass speclrometry lo work wUi sample amounts in ihe fetniomolc 
and low picomole range. Mass resolution, m/Am, is tnc measiae of an instrument's ahilily it> 
produce separate signals from ions of similar maiis, Mass resolution is defined as the mass, m, 
of an ion signal divided by the full width of the signal, Arn, usually measured between points of 
halt-maximum iutcnsiLy. Masss acctu-acy is the measure of error in dssigoating a mass to an ion 

30 signal. The mass accuracy is defined as the ratio of the mass assignment error divided by the 
mass of the ion and can be represented as a perci^nlage. 
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1o be? able to detect any point polyaioiplnsni direaly by MALDT-TOF mass 
spectrometry, one would need to resolvt; pjncl acuuiisldy measure the masses of nucleic acids in 
which a sinjitL- b<ise change has occurred (in comparL<{un lo the wild rype nucleic acid), A sStngle 
base climige caii be a mass differenct; of ui* little ab" 9 Da. This value a-prcsents the difterence 

5 bci\\i:cn tlie tv/o bases >\'ith the closest mass values, A and 1' (A = 2'''deoxyadenosinc-5^- 
phosphate - 313.19 Da; T= 2"-deoxylhymidine-5'-phosphiLtc = 304.20 Da: (r =2'- 
dcfixyguimosine-S'-phosphate - 329.21 Da; and C = 2*-deoxycytidine-y-phospbato = 289J9 
Da). If duririi! ihc mulaiiun process, a single A changes to T or a single T to .A^ ihe mutant 
nucleic acid containing the base transvcrsion will cither decrease or incrciisc by 9 Da in total 

]0 mass as compared lo Ihc wild type nucleic acid, for ma$s> spcclremciry to directly detect OicfiC 
iransversions. it moM ihcreforc be able lo detect a minimum mri!s?j diajige. Am, of 
appro.\iiniLlcly 9 Dit 

toi example, in order to fully resolve (which may not be necc:s:>;tT\) a point-mutated 
(A to T or T to A) heterozygote 50-base siiiEie-stranded DX.A lTa{.Tment Slaving a mass, m, of 

15 - ! 5,000 Da from its conrcj^ponding wild type nucleic acid, the required mass resolution is 
m/Am = 1 5,000/9 ^ IJQD, i'Io>\wer» the mass accumcy need.'; U\ be significantly better ilian 9 
Da to incTsase quality assurance and to prevent ambiguities wliene the meaaumf nutss value is 
near the half-way point between the two theoretical masses. For an anaiyle of 15,000 Da, in 
practice the mass accuracy needs to be Am - ±3 Da - 6 Da. In this ciisu, the absolute mass 

20 accuracy required i<i (6/1 5, 000)* I Ot) = 0.04%. Of'icn distinguishing level of miws accuittcy 
relative to another known peak in the spectnjm is .sufricicnt to resohe ambiguiiios. for 
example, if thcri^ is a known m;is!> peak lOOO Da from the mass peak io c|Ui;siion. the relative 
pofiition of Die unknown to the kjiown peak may be ioiown with greater accuracy inan that 
pjTovided by iui absolute, previous calibration of the mass spectrometer. 

25 In addition, the ability to separate DNA fragments (1) difYering in only one base in 

length and (2) of reasonable length [e.g., of sizes corresponding to at least primer size* around 
20 U) 30 bases or so up to about 50 bases in length) is critical to achieving even rudimentary 
DNA sequencing by MALDT-MS. For laser desorption mass speciroscopy lw;hniqucs to 
successfully analyze macromolectiles requires thai one stably bser-desorb molecules into a 

30 vapor phase, and separate and detect (and thereby dctcrniinc ilic maas of) the volatilized 
molecules by mass spectroscopy. The ability to stably desorb the macromolccule depends on 
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Lnc avaiiabiiity oi" a J^yitablc light absorbing matrix iJiiU will allow one lu ijUibly Jascr-desorb 
DNA molecules tram a solid stale to a ^asicous state, m^d [>i^rmit sup^jnilion of DNA molecules 
having only a nucleotide or so difference in length. Pmiing that into perspL;ciivc, ihc difference 
in mass bet\^'een a polynucleotide having 30 versus 31 nudeolide lepresents about a 3% 
5 difference in iniis& (about 9610 v, 310, a.ssutnmg an jivcrage m.w. of 310 fur cacdi nuclwudc). 
If one applies Ibis to a DNA molcciife of 100 nucleotides in length, a modest sequence by DNA 
sequencing standands, the separation sy^itcm mufji distinguish among DNA molecules differing 
by only l%in mass. 

Thus, there is a need for the duvdfipmenl of MS techniques and related materials for 

10 practicing these tcchtiiqucs ihjjt have enliaiiced resoluiion. accuracy, and sensiiivily. The ability 
lo stably desorb the molecule fioiii u solid mulrix that absorbs light a; the laser \%'avejength. 
without radiation dama^^i: and fingmentatiou of the sample is particularly important as 
iraj^nncntation can lead to complex spectra and decreased resolution and sensitivity. 

Althougli MAI.DI generates less energetic anah^e ions than direct laser desorption, thus 

15 decTcasiny the thermal degradation of the aniilyte, the ions nsverthelcsis contain sicnificanl 
internal energy, which may resuh in fhigmentation. Amoi^g iho fcv/ matrix molecules that have 
been found to desorb/ioiiize intact DNA, 3-HPA is cuircntiy the most widely used (Wu H al, 
1993; Wu e( uL, 1994) ). Using a matrix mixture of 3-Hl*A with picolinic acid, 
oligonucleotides iiave been detected ibuL arc greater than 300 bases (up to about 200 kDa) in 

20 length fTang a uL 1994; Liu et aU 1995). However, as Ihc knglh of the oligonucleotide 
increabes. the mass reiiolution is degraded by widening kinetic energy spneads, prompt 
fragmentation, delayed fragmentation (mctastablc decay), and the formation ofiuatn/c Ji«lducif>. 
Thus, there is a need to develop MS materials and methodjv that minimize fragmentation of the 
analyte ions during the M'MDl process, extend the accessible mass range for mass 

25 spcciromctric detection, and cnhaocc the utility of the MS tecliniques. 

2.0 SUMMARY OF THE lN\TNTlON 

It is therefore a goal of the present invention to provide compositionj; and methods 
relating to the preparadon of samples containing nonvolatile analytg molecules for mass 
30 analysis using a photoabsorbitig, low-subiimation temperature matrix. These matrix molecules 
provide a means for desorbiug and ionizing nonvolatile, nonthcrmally-labile organic molecules 
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such cis biomoleculei? and .wnflietic polymers. Minimizini^ fragraentatioa of the purcni anal\1e 
ion and/or reducing adduct fomnaiioti leads to iiia'i!«5jud deteciioi) j^ciisitivitj' aad'or increased 
resolution ani'or extension of the us?ibie inas5 range. 

The deleterious effects associated with widecing kinetic energy spreads, fragmentation 
and the formation of TnatriTc-unaljIe adducts are reducc'd hy employing a matrix sysiem, a$ 
disclosed bereio. having lower ifjtcnnolccuiar binding energies associated with increased 
volatilit}'. l ower binding energies Ccin reduce fi-acmcnialioD by minimising the inrcrnal energy 
of tlie desorbed analyte, and can reduce uddufi fonnution by lowering the hi-iding energy of the 
analyte with ils suTTounding molecules. The dcsoiption of a volatile matrix at room 
temperature but cooled to mainUun low vapor pressure in llie mass spcclrotncter may also 
require lcr.s energy. Because a vacuum is required lor the mass spectrometry, volatile, 
crystalline matrices which .subiimalc or cvaporalc readily at room ternpcraiurt: are typically 
eoolcd to reduce ihetr vapor pressures to practical levels, whidt is below about 10"^ Torr in the 
desorption plume. This consequently means Aatths liuaKte intetrial energy may also he lower, 
it is therefore an advamai't: of the present inventEon lo utie liquids or low sublimation 
temperature soJids as matrices because such systems generally enable lower 
dcsozption^'ionizatioo lenipcrtitures. 

The present invention relates to a ti^ethod for volahIi2ation and mass spectromciric 
analysis of nonvolatile, or jiontheimally labije, large organic; molecules including 'r>io molecules 
such as nucleic acids, for exacnpic, DKA a[\d RNA.; proteins and peptide nucleic acids (I'NA); 
oligosaccharides, and other high molecular weight polymers. 

Tlie Invetiiion generally provides u method for determining the mass of a large organic 
molecule. The mediod typically includes coniacling a large organic moJccuk, the mass of 
whidi one desires to determine, with a photoabsotbing, or light absorbing, low-.«;ubHmalioTi 
lemperamre matrix to produce a matrixmiolecule mixture. This contacting step may be carried 
out by dissolving the iajge organic molecule to be analyzed in a solution containing the matrix. 
The matrixrraolecule mixlurc is then irradiated by a light source, sueh as a laser, to desorb, 
ionize, and produce an ionized large orgsmie mulecide- The ionized large organic molecule is 
iheti separated fixjm crthsr constitucm$, such as the ma1rix:moleciile mixture or other 
matriximolecule adducts, using mass spectrometry and the mass of the ionized large organic 
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molecule deierminLLl. While tiny mass spectronietr\' in cimtempliited for use with the present 
invention, time-of-fiigln ma^A .spuclrcunelry L<; prLTLTred. 

The matrixrmnlecule mixture typicnlly compri;;£$ a physical mixture of ihc marrix with 
the molecule Jo be analyzed. It may or may nol contain adduces of the matrix ydth the 
5 inolecuk. Although if adducts ar>e formed, they will lypiciiily be only weakly associated such 
ihjit they may be readily diswKiiiied upon ijnidialion, desorptioti, and ionization. 

As u^;i«i herein the term "a" encompasses embodiments wherein ii tcPcre a .single 
element as well as citibodimtfnls including one oi more of such dements. 

In perfomiing the mass spectrometry, it \h preferable to use a cooSed saiuple stage. 

10 Generally, the sample aiagc is cooled to less than 273*' K, typically to from abnui 15(1'^ K u> 
200"^ K or lo abou: 1 80 K. While it i^i contemplated -Ini the sample s;a{re may be cooled by any 
suitable niian:>, it may typically be cryongenically coolud by liquid nitrogen. 

in creating ihe matrixrmolcculc mixtute, for example, by dissolvmg the large organic 
molecule in a solution containing the matrix, one of iikill in the art will understand that the 

15 solution containing the matrix may generally contain one or mote ^^oivents. Preferably the 
!jolvems will be water and/oi organic soivcnts, such as elbajiol, methanol, toluene, aceione, and 
acclonilrilc, ASer the mairjxrmolecule mixture is formed, the solvents an; subsUmlially 
evaporated, typic^iUy to dryness, in preferred embndimOTts. the solvents are evapoixited al 
Win tcmperaicre. Alkr evaporating the solvent, the resulutig solid or crysudline molecuie- 

20 matrix mixture is cooled to a vapor pressure betw^een abtnrt ] 0"' ^' 1 brr and aboui 1 0"^ Torr . 

The matrix for use in ihc prcseni invention is generally u volatile, light-absorbing, 
hydroxy-bcaring mairix. Af> used herein, volatilt: matrices are d)ose thai arc volalilc room 
teraperaiyrc iit ambient or reduced pressures. In prefern;d aspects, the mairix may be a phcno], 
a hydroxyquinoiine, or a hydroxynaphlhulene. Where the matrix is a phenol, it will preferably 

25 be 4-rjtiophei\ol. Where Lhc matrix ii* a hydroxyquinohnc, il will pi"CferabJy be 8- 
hydroxyquinohnc. It is also generally preferred Uiat the matrix have a molecular weight of 
between about 90 Da and about 400 Da. Different classes of analyte nioleculss may also 
requirij different mairix .<;ystems. The matrix should lypicaliy not react or interact .strongly with 
the anahte and the analyte should be solubJe m tlie matrix cxystEils. 

30 In particular embodimcnis ibu niatrix lias a hiyh auWimation rate between the 

temperatures of 20**C lo 200"C for a low- sublimation temperature). The low-sublimation 
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teniporaturc: malrix may typi^;a]ly have u sublimation rate ai room temperature of ai least 0,1 
jun^min"* ai n pressure of about 10'^ Torr or less and prelersilViV tlie subliinatioji ai lhe«c 
cxindilions h from about 0.01 nm^min'^ xo aboui 0,1 mm^min" . Also provided arc 
embodiments where ihe matrix i$ ei crystalline solid. 

As used herein die terms "photo absorbing" or ''light absoibing" refer to tlic ability of 
the matrix to absorb inc dcsorption iighi sufficiently strone to aid in the desorption and 
ionization of the large organic molecule. Typically the matrices will abi^orb light between ihi: 
wavelengths of appioxitDaidy 200 run and approximalelY 20,000 mii although ii will be 
understood that this absorption is not contirtuous. T: i« ftuther preferred that lae photoabsorbing 
matrix have an ab^oiption Coeflieicnt [^eater xlian about 10 L<enV^mor\ up to and includmg 
ar. absorption coefficient of 10^ L»cm"^it\Oj"", al the wavelength of the dciiorbing and ionizing 
radiaiioti. The method of the iDvention is useftd for deiennining the muss of virtualty any large 
organie molecule. For example, the mass of a polymer may be deternuued u:*ing the mctliod!> 
01 the invention. Jn prcfLiTCcl aspects of the inventioti, the polymur io be analyzed will be a 
htopolymer. such as a nucleic acid, a polypcplide, a peptide nucleic aeid (PNA), an 
oiigosaccharitle, or a jnass-modified derivative Uiereof. "Wl^erc thi: luoleeultf lo be analyzed is a 
nucleic acid, it wHI be understood diat it may be, for cxiimple» a DNA or aii RNA. 

ThiJ anaiyte should typically be purlfJcd to mininiize ihe presence of salt ions and other 
molcculai" contaminants. These ijiipurides may reduce the intensitj' and quality of the masi* 
spectromeirig sigionl to a point where either (i) the signal is undcicclabk or unreliable, or (ii) the 
mass accuracy aind'or resolution is below the value neeessaiy for the particular application, sueh 
as to detect the type of polymorphism expected or setjuenee the analyte. A preferred method to 
pmify the unulyte is to immobolize it on a solid support and wash it remove impurities^ such as 
yudium and potassium ions. The analyte may then be released from the solid support and 
contaeied with the matrix. 

The size of ihe analyte to be analyzed should also be witliin the range wlaerii? there is 
sufficient mass resolution and accui'ac)'. Mass accumey and resuiulion significanily degrade as 
the mass of Hie analyce increases. Ciurently, the detection of smgJe nucleotide polymorphisms 
(SNPs) above said mass value is diOicuU ubove a mass of approxiinaicly 30,000 Da for 
ollgonndeotides 100 baaesi) although this range may increase with tlirther advances in MS- 
lelated technology, Third, because uU molecules within a sample wc visualized during mass 
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speclrometric analysis (i.e. it is not possible to selectively label and viymtiize certain molecuiss 
and not oiliDrs as onu can with gel eleclrophorcais mechoiLs), sjamples may preferably be 
partilionecf prior to anahisii; lo remove unwanted products from the specrirum. 

It IS conLL-mplaicd that the method of the jjivention Wi\] allow for the mass dctcrminarion 
5 of uny large organic molecule havmg a mass of greater than about 1,000 Da. More specifically, 
one may dcicrminc ihc mass of a molctule Jiaving a mafjs of greater than about 27,000 Da, 
greater than about 30.000 Dii. greater than about 50,000 Da, greater than about 75,000 Da, 
greater than about 100»000 Da, gncatcr tlian about 150,000 Da, gimer than about 175,000 Da, 
greater cfcan about 200.000 Da, greater than abcuil 250,000 Da, or even gTvatcr llian about 

10 315,000 Da, Ths organic niolccuk wili i>^pic.ally have u mass of less tlian 3-00.00O Da, 
3,000,000 Da or 1, 000,000 DA. In some ecitlKidimcnls, the organjc molecule may have a mass 
of less than 500,000 or 300,000 Daltons. 

To pertbrmthc dgjsorbing step, one vvill ycnurally expose the matrbtrmolcculy mixture 
to a source of energy to desorb the iiirye organic molecule from the matrix. Hie soiarce of 

15 energy used for desorption of the large organic im>li:euk will preferably be a laser beam. The 
laser beam used to desorb and ionjw the large organic molecule may be any laser but is 
preferably a pulsed laser. Ijpically, the desorption step will include applying an energy of 
about 20 kV followed by a pulse of energy of about 2.7 kV, J^eferably, the pulse of energy 
comprises light having n Tvaveleugih of about 355 nm, 'I'he mass of the laige organic molecule 

20 may then be deteujiined by summing tlie mass spectra over a number oJ" iascr pulses> preferably 
about 200 laser pidses or about J 000 laser pulses, or any number of pulses thiirvbelween. such 
as, for example, about 250 laser pulses, about 300 laser pulses, about 350 laser puises, about 
500 la-ser pulses, about 750 laser pulses, ete. Of course, it is contemplated that one miiy sum 
the moss spwtra of less than about 200 pulsei^ or more tliaji alK^uL J 000 pulses, but il will be 

25 understood that lower numbers of pulses, especially very low niuubcrs of pulses such as 10 or 
20 or 50 pulses, cle., may give less accurate resuliA. md higher numbers of puises becomes 
utjneccssaiily repetitive and lower the efficiency and co«l-cffectiveness of the method. 

In another atjpceL the invention also provides a method for preparing a sample of large 
organic molecules for mass spcelial analysis, 'Ihis methr>d typically includes providing a 

30 solution comprising a large organic molecule to be analyzed, a maiHx molecule comprising a 
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volatile, lighT-absorbing hydroxy -bcaxinK matrix molecule, and a >;y|v<fn:, and evaporating the 
solvent to provide a solid tirv'stalline matrix containing ihc molecule to be analyzed. 

The present mventioii applicfi lo MAT.Dl mass Sfjcciromciry of all dasacs of 
nonvolatile^ large organic compounds, wWi synthetic polymers and biopolymcrs prcfcned. The 
5 present invention is particularly prefixed f<ir mass analyf>i$ of biopolviners snch as nucieic 
acids, ptoidns, PNAs oligosacchfirides due to ihc frEigile nature of these molecules. The 
method utilizes pulsed laser cIcsoiptian^ioniz^juiLin mediated by a matrix followed by mass 
spcctroiifictrit: scpttration and detection of the aiiaiyie molecules. The matiix may be a 
ciystalline solid or a liquid iii room tempenitiire» with crysialline soUds being preferred. The 
10 prcrciTcd mritrix has a high subUmalioii rate ici vacuum a: rootn temperature <uid absorbs the 
desorption Jigl^t st[iDngly. 

Therefore in accordance with llie present invention, there i$ provided crystalline solid, 
light absorbing compounds having hydroxy funeiionalitics, but not carboxylic fimctionalkies, 
for use aK a Tnairix in mass analysis. In preferred embodiments the matrix conr.pciumls may be 
15 phenols, liydroxyquiuolines or hydroxynaphthaiencs. The crj'stalline solids> 8- 
hydroxyquinoline and 4-nitrophenoL which ore volatile at room temperature, arc particularly 
prefened as matrices in avcoidanec with the pre^iCDl invention, 

Tlic lesi; energetic, more fecilc desorption/ionization from thejw volatile matriecs 
minimizes fi'agmcnialion and extends the high mass limit for generation of intact analyte 
20 inolccuius;. These ci^'staliine matrices exhibit increased sensitivity for dcicction of both iow (J>- 
hydroxyquinoline) and high (4-nitrophenol) molecular weij.»hi analytes. Anaiyte moleculc^i, 
including DNA^ exceeding 250 kDa molecular weight can be deteeu;d by this method. 

There is provided embodiments where the anfilyte is a large organic niolecuSe of greater 
than aboiK UOOO Da. Akn ptxivided are embodimentf; v^-here the large organic aral>lc is a 
25 polymer. Itt certain embodiments the polymer is a biopolyiijcr. In further embodiments the 
biopolymer is a polyniicleic acid, and in still further emhodimcncs the biopolymer is an 
oligonucleotide. Additionally provided are embodiments where the biopolymer is a protein, 
polypeptide, or oiigosaccharfdc. 

In yd other embodiments, the .sample is placed on a cooled sample stage in oidex to 
30 maintain a low vapor pressure of the sample in the vacuum chamber of the mass specut>meier. 
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Thc sample stage is cooled below about 273^K, more typically between about 170 to about 
190^K, unci vmi lypically to about 180**K. 

3.0 BRIEF DESCRIPTION OF THE DRAWlNfiS 
5 The following drawingis form part of xh^ presejit -spL-dlicution and are included to 

further demonstrate c;::r(aiQ aspects of the present iiu-cnlion. The invention may be belter 
understood by refere:ics to one or more of thc5;c drawuigs in combination with the detailed 
description of specific embodiments presented herein. 

10 FIG- 1 is a laser desorption/ioiiization xiuiC'-of-flight ma35 spectmiH of a raixtine of 

singlc-btraiided DNA oligomcrfi 89, 90, and 91 nuclcolidcs in length obuiincd using S- 
hydroxyquinoHnc as the matrix. Tbe laser wavelength was 355 nm. 

FIG. 2 ifii 1% laser desoiptiou'ionization ilmu-of-ilight mass spectrum of a double^ 
15 stranded PCR product al 315 kDa per strand (gTOtler lhan approximately 1000 nucleottdes in 
length) using a 4-niiropheiiol matrix. ITie laser Vp-avclcnglh tos 355 nm. 

4.0 DESCRIPTION OF iLLlfSTRATIVE EMBODIMENTS 

Tn accordance with xbiz prcsi:*[)t invention, metLods ari provided for the preparation of 

20 samples for analysis by mass spectt-oscopy to minimize undesired fragmeniAiion. S^dcci Uiiht 
absorbing molecules, containing hydroxy funciionaiities (but not cai'boxylic functionalities) and 
having .^Ignifieant sublimation rates at room rcmpcraluie under vacuum, are used as matrices in 
MALDI mites specrrometrv\ Hydroxy fLinciionalilies offer advat^taee over ciirboxylic 
funcuonahtics duo to thdr increased acidity in the excitcti snite (Huppert et a!., 1981) and al^o 

25 typically provide lower inremiolecular binding etieigies lo iriere;too volatility. Representative 
examples of malrix compoi:nds include, bntarc not limited to, hydryxyc|uinolines, phenols, and 
hydroxynflphthalenes. 

Samples are prepoj'ed by dissolving the analyte in a iwlution conraining tlic matrix 
molecule, with the bulk of the solution being one or more solvents which are subfjcqaentiy 
.^0 allowed to evaporate before mass analysis begins. iypicjiUy, the analyte will be present in tho 
solution at a concenxraiion of about 0-05 M to about J,0 M. 
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The sfvivcnt evaporation niay be cojdacU:d ut a temperature nmge of about 20^C to 
about SO'^C, wiib rnorti Lcnipcraiurs?, <jboul 25^C being most preferred. The evaporation Jesuits 
in the rormjition of a crystnlline Jiialtix, ccjmpuscd in part (between about 30% by wdyjjt ]o 
a>iout 100% "by weijihl) of ih^ subject matrix molecule. Typically the mutrix molecular weight 
5 is greater tlian about 90 Da. prefei'ably IjcLwccn about 90 Da and about 400 Dh. lo ihe high 
volatility of thcftc malTix molecules under vacuum ai roon: tempetaliin?, the samples xKust be 
cookd in the m^^ss spectromeicrs vacuum SYSlcm to a vapor pressure between about 10"'^ I'orr 
and about tO*^ I'orr. but not exceeding about JO'^ Torr, These matrix molecules arc icrnied 
liercin as volatile, light-absorbing, hydroxy-bcaiing matrix noolecules. As used herein the term 

10 volatile rsfcrjj ki a molecule having a sublimaicon rate at room tcfnpuniuire of grcaicr than Of 
ijquai lo 0.1 fim^miti"' ac a pressure of about Torr or less, and luv lemi light absorbing 
refers to a molecule having an absorption coefficient greater than about 10 l-ctu"'-mor'. 

Two low-sublttnaiion-ismpcraturo molecul£5: in particular fuTictioii effectively as 
matrices for MALDl of nonvolatile organic molecules for deicciion by mass spectrometry. The 

15 comp^iunds. 8-hydroxyquinolinc (8HQ) and 4-nitrophcnol (4NP). both contain a hydroxy 
functional group. The fomier is especially effective for liigh-resolutkm analysis of DXA lew 
than approximately J 00 nucleotides (30 kDa), and the latter 5s especially effective for sensitive 
detection of higher mass molecules. 

Compounds oomcmpJaied for aoalysis using tbc prcseni invention include a vast an-ay 

20 of large organic molecules. As used herein, the term "large organic molecule" rctcr^i to a 
compound having; a moleeular weight of greatei* thaa about ItfUO Da. Also ay used herein, the 
term "nonvolatile'' tefcrs to a tnoleciilc which, wlien iJrescnL in its pure, neat form ajid heated, 
does not Sublimate intact to any significant extent. Also included in the deftnition of 
nonvolatile compounds are compounds which, when present in their pure neat form, canjiot be 

25 practically analyzed by masa ypectiomclry when conventional gas chromatography methods are 
employed in the sampling process. Representative of /?uch oi"ganjc compounds are polynucleic 
acids, polypeptides, oligosaccharides, PNAs and synthetic polyniers. Polymeric compounds arc 
also contemplated for analysis using the pt^sicni invention. Tn particular Wopolymers which arc 
subject to fragmentation during mass analysis. Representative biopolymers include polymer:^ 

30 of amino acidft, nucleic acidti. saccharides, carbohydrates and polypeptides. 

I 
i 

I 
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llie 1112SS specuomstry may bt5 accomplished by one or;>crv'eral lechnicju^js such as time- 
of-flight. jnagncuc .<{CCtor or ion trnp. Prurcrabl v. Lhc mass spectromelry technique tor use with 
the present invention will be tinic-of-flight. 

The vnlfliilit^" ^if the matrix crystals necessitates that rhe fjaniple stage of tlie mass 
5 *pectiome!ter be cooled to fiabijianliaUy below room temperature where the sublimation rate ^% 
between about 0. 1 ^wnomin'* and about 0.1 mm-Jiniii*' . A preferred approach is to use a liquid- 
nitrogen cooled !>amp]e ijiajjc, accomplished by flowing liquid niirogen through a copper 
siimpie holder. Tbus, the sample is cooled to less than 273°K, preferably b^jtween about 170 
and 190 or to about 180 ^K. 
i t) Wavelengths from lhc ultraviolet to infrared may be employed, depending on ihe cooled 

mairix being analyzed. Cietierally, tmc of skill in tiie art wiil undersiand thai Uic appropriate 
wavelength will be one where light absorption is signilicfnit for the mok-culc being analyzed. 

The disciossd low-sublimation temjicnihiTie matrices and meiirods for using ihem to 
dclcraiine tiie mass of a laige organic molecule or (vepare u kirge organic molecule for mass 
15 spectral analysis may be used in a variely of MS applications, such as MS sequencing of 
nucldc acids: MS analysis of single nucleotide polyniorphisrns (SNPs); and MS analysis of 
simple sequence repeats (SSRs), short tandem repeats (STRs), and mierosatelliie repeats 
(MXs). 

For example, the methods dischwcd herein may be used in nucleic acid sequencing 
20 methods involvinii obtaining nucleic acid fragments using » four base Sanger scquirneiiJij 
reactioiL performing MS on the prodwels wntJ determining the nuclcie acid sequence from the 
mass differences between the peaks. TVic nucleie acid iragmcnls may be obtained by 
hybridizing a OKA primt?r to a DNA template and extending the primer by a DNA p<ilymera5;e 
tti lhc presence of deiiJxy- and dideoxy- nueleotideii. The DNA template may generally contain 
25 the DNA iiagmeni: :o be sequenced and a region complementary to the primes. The DNA 
primers niity also contain a biotin which alJows for captu]ie to a si>lid phase and a single, 
chemically cleavable iniernal linkage (such as a .S'-or 3'-(S)-phosphorol]iioaie linkage which is 
eleavable by a silver ion catah"zed reaction). The cleavage ehemisrr>^ of the internal linkage 
combined with the biotin capture are described in IJ.S. Patent No. 5*700,642, incorporated 
30 herein by reference. 
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The nucleic add frugments may be ftirther processed prior k> MS tmalysis. Geneially. 
Ihc'ijc processing stepij involve bindinti the nucleic acid fragments to a sircptavidin solid 
support, washing the bound fragments, and cleaving at the intsrnd cleavage site 1o release the 
nucldc ttcid fragment from the f^olid support. Typically the bound fragtr^cnts isrc first washed 
5 with a deiiiiturant, such as aqueous NaOH, to f emovc unbound DNA md enzj'me and then with 
'tx scries of ammonium acetate washes, Foliowing cieavayc, ihe cleaved extension products may 
be prepared tor MS analysis by drying; mixing the solid residue with tlie matrix ma:crial and 
ammonium citrate solutinn- spotrmg the mixture by pipeite onto a plalc; and allowing the 
mixture to dry. 

10 'Itie methods for MS SNP analysis aie very similar to the DXA sequencing methods 

excepx ihai only dideoxynucieotidcs arc employed, 

lliese low-sunliniitiion lemperamre matrices may also be used for analj-zing SSRs, 
STRs, and MRs involving the delcrmination of ih^ number of Tcpetkive unitfv conmincd in 
umplifiuation product* by MS. Tlie amplification products are lypically obtained by 

15 hybridizing a DNA primer to a DNA iargel molecule and extending the primer by a DNA 
polymerase, Similar lo ihe seijuencmg methods, tlic UNA primer contahis a region 
complementary to the DNA taiget molecule adjacent lo the SSR-, STR-» or MR-containing 
region. The primer may also contain biotin and intemal clcavable linkages. 

The fnjlowing e.^atnplcf* arc included to dcmonsirate prcfcned embodiments of the 

20 invention. It should be appreciated by those of skill in ilic art that the lx:chuique5 disclosed in 
the examples wliich follow represent techniques discovered by the inventor to fujtction well in 
the practice of ihe invemion, and thus can be considered to constitute preferred modes for its 
priiclice. Hows\'cr, those of skill in the art should, in lifrht of the present disclosure, appreciate 
thai many changes can be mode in die specific embodirticnl^i which are disclosed and still 

25 obtain a like or similar result without departing from the spirit and scope of the invention^ 

S*0 EXAMPLES 

The following examples are included to demonstrate preferred embodiments of the 
invemion. It should be appreciated by those of skill in the ait that the techniques disclosed in 
30 the examples vviiich follow represent techniques diwovered by the iDventors to function wcU in 
ihc praclice of chc invention, and thus can be considered to constitute preftrrud modes tor its 
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pnicticc. However, thoi^s of skiii in tiie ai1 should, in light oi the prci^cm diijclosurc, apprcciatc 
lhaf many cliajiges can he made in ihc spcciflt: embodimcnisi which aj-e disclosed and still 
obtain a like or similar result without departing from ihc spirit and scope of ihc invention. 

5 5.1 F.):amg)]« 1 - Matcrtak and Mctbodts 

A time-of-flieht in;i:>s i>pecirojneter similar tn that previously descrihed by Wa cl a.1. 
Cl994)xi:id Hunter et al. (1997) was used, having pulsed delayed ion contraction. The maniple 
rtage v,'^s floaiisd al 20 kV^ and after some delay lime (approximately .scvcttiI hundred 
natU)si:con<Jy, dependent on mass), ions were cmcied by a 2.7 kV pulse and focused iiiio a l- 
10 meter flight tuhc. Th;; signaJ output &om the dual miurodiannel plate dcteeitir was amplified 
and di|jiU>:c:d wilh 5 ns time rssoiutton. 

Laser wavclengUiJi of cither 355 or 266 nm wers; employed for desorpLioa'ionizulion in 
the examples^ bslow. Comparable positive and negative ion sii^nsii.^ we observed from 
uiigonucleotidc analytcs. 

15 The temperature of the sample on a liquid niUx)gen-coo!<;d .^mplc stage was mauitoined 

ai appRixsraately ISO K as measured by thermocouple wn;*, low enough to maintain u matrix 
vapor pressure of less tlian lO'^ Toit, 

5.2 EXAMPLE 2 - DJNA OligvniK^r Anuiysis Employmf! 8-Hydroxyquinoline afi a 
20 Matrix 

The preparative solution for xbsf 8HQ matrix began hy using 0.2 M 8I1Q in 1:1 (volume) 
acetone:butaiione. To reduce aikali-mcral adduol ion formatinn, to ch-ii initial SHQ solution 
vTd^ added an ccjual volume of 50 mM aqueous di ammonium citrate, resuliitiji in a 25 mM final 
diammonium citrate concentration and 0.1 M 8HQ concentration. 8HQ is knov^/n to chelate 

25 trace amounts of metal ions, especially copper, but ihu addiiion of CDTA (trans-1,2- 
djarninocyclohsxane-N,N,N',N' Icln^aceuc lu^icl monohydratc) effectively suppressed copper 
adducts tn the mass spectrum, u small uliquot of concentrated CDTA was added to a much 
larger volmnt- of the 8PIQ solution to yield a 1 OmM CDTA concentration. 

Tlie oligonucleotide sample was obtained ftom polymerase chain reaction (PCR) 

30 amplificittion of a short tandem rq)cut sequence at the human THOl (tjTosinc hydroxylase 
gene) lociw. One of the stmndi; was capmred, denatured, washed, theji released to produce 
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single-stranded products. An aliquot of aqueous solution of ihiu TIlOl oligonucleotide 
(cjiimaeccj 10 pmol quantity') was first evaporated in a Vi±i:uuin evupomtor lo rwnovv Uic; vvalcr, 
aod then one microliter of the matrix solution wjis added to dy^ dried DNA. This resulting 
soluUcn was pipetted onto a silicon <tub&tiate mounted od u copper sample holder. After air- 
S drying of the solvent and resultant crystallization of the maulx, ihc saiiipJe v^n^ placed on the 
cryogcnically-cooled sample stage in ilie mass spectn>rneter. 

RTIQ is an cflcciivc matrix for high resolution studica of DNA oligomerjs icss than 
approximately 100 nucleotides; in length. FIG. I illustrates the mass resolution attainable for 
single-mndcd oligoniicleotides of ahnui 27 kDa using 355 nm pulsed laser liyhl for desorption 
10 and summing mass spectra over 200 iaser pulsus. DNA oligomers containing 89. 90, and 91 
imcleoiidc^s Jvivc a mass resolution (tti/Am) of 650, 625. and 700, respectivdy at fjll widtii at 
half height- Spectra of oKgonndeolides in 8HQ matrix typically have a low backen>und ion 
signal and hjj.;h sigiwl-to-noise levels. 

1 5 5.3 EXAMPLE 3 - DNA Oligomer Anulysk EmpDoyin^ 4-Nitraphcnoil as a Matrix 

The preparative fu>liiilun for the 4NP matrix was 0.5 M 4NP in 1:1 (volume) 
medianol: water containiiig dianunoniurn cilralc at 50 mM final coneentratioti. One mierolilCT 
of ihc? matrix solution was added to dried DNA which was a douWe-.stranded PCR product 
estimated at 10 pmol quantity derived from an unknown cDNA insert in a vector. This 

20 resulting solution was piptslUfd onto a silicon substrate mounted on a copper sample holder. 
After air-drying of the solvent and resultant ciystaIli7at)on of the matrix, the sample was placed 
on the cryogenieully-cooled sample stage in the mass spcein>jncicr. FIG. 2 is Ihc rc^iulling 
liiuc-of-fUght mass spectrum using 355 nm \^%tr light for desorption and summing over lOOO 
iaser pulses yielding m estimated mass of 3 15 kDa which corresponds to an estimated number 

25 of bases exceeding 1.000. The width of the peak originates in part from the mass differenee of 
the two compiementaiy DN.A stramU' (denatured during analysis) and partly from adduct 
formation as well as fragmentation. DNA oligomers have AOi previously been reported lo be 
detected in this size range. 

30 * * 4 
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A11 of the cornpijsitiun^j nnd mettiods disclosed und claimed herein can be made and 
executcxi without undue experim 1:11 tali on in h^jht of the present disciuMJrc. While the 
compositions and mtthodjy of this invention have bL'en described in terms of preferred 
embodiments^ it wilJ be appaienl to Ihusu of likill in the art thai vjirLitionfi may be applied to the 
5 compositions and mclhodb' und in the steps or in the sequence of .slcps of tlie mcihi^d described 
herein without depaning from the concept, i^piril und scope of the inveiaion. More spsdfn:ully, 
it will be apparent IhaL certain agents which are both cheiiiically and physiologically related 
may be substiuited tor the agents described herein whili the same or similar results would be 
adiievcd. Ail 5uch similar substitutes and modifications apjiarcni lo those skilled in the an arc 
10 deemed to be within the spirit, scope and concept of the invention as defined by the appended 
claims. 
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CLAIMS 

J . A method for dcfiemdning the mass of a large organic nioleculc, yaid method 
cumprising: 

(a) contacting said large organic molciculu vath a phoroabfiorbing low-sublimation 
temperature mainx lo proiluce a matrixrmokcuic mixture; 

(b) desorbing and ionising Raid mobculv: and 

(c ) dui::r7r]iiiirii$ ihc mass of said ionized large orgKnic rooleculc by mass 
^pcclroInc1^>^ 

2. The method of claim L wherein said ma^sj; spoclroraetr)' is performctl using a cooled 
sample stage. 

3. Th& method of claim 2, wherein .said -^ampli; stage is cooled by liquid nhrogen. 

4. The method of claim 3, wherein said sample stage is cooled to from uboui 170 to 
about 190 'K. 

5 . The mcihod of claim 4, wherein said satnple stage is euoJcd to about 1 80 ^K. 

6. The method of claim 1 , wherein jjaid contacting is performed by di.?s:U)lving said large 
oruunic molecule In a solution containing said tnatrix. 

7. ihe i^iethod of claim 6, vvhcrcin said soJution comprises a solvent. 



The method of claim 7, whetein ^;iid .solvent is organic. 
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9. The inclhwl ofclJiinj 7, wherein the solvent is ^tlXct^ methanol, sthanol, toluene, 
acetone, or ncetonitrile. 

10. The method of claim 7, wherein said solvent is evaporated priur io mass spectrometry, 
1 L The method of claim 10, whiirLiii siiiU wlv^snl iii evaporated al room temperature. 

12. The method o: claim 1 , wlicrcin i^uid mHtrix:molecu1e mixiuri;; is cooled to a vapor 
pressure bclvvccii abu jl 10"'^ 'J on aiid about 10'^^ Ton prior to mass spectronjclry. 

13. The meti^od of claim 1 , wherein said matrix is fiirUvjr definect as a volatile, light- 
absorbing. hydioxy-bc»rin£< matrix. 

14. The method r.F chdm 1, wherein said matrix i.s selected from the groyp con$t5i5ng of 
ph^ois» hydroxyqulnoiLies, and hydruxyouphibalencs. 

J S . Ihe method of claim 1 4, wherein said matrix is a phenol. 

16. The method of claim 1 5. whcivin said phenol is 4-Jutrophenol, 

17. Tlie meliiod of claim 14, wherein said matrix is a hydroxyquinoline. 

1 8. The method of claim 1 7. wherein said hydroxyquinolins is 8 -hydroxy tjuinoHne, 
i 9, The method of claim 1 , wherein said large organic molecule is a jiolymer. 

20, The method of ciaim 1 9, wherein said polymer is a biopolymcr. 
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2 i . 'I'hc method of ciaini 20, wherein said biopolymfir h selected from ihc ^roup consisting 
essentially of nucleic dcid, polypeptide, peptide nucleic acid and oliyosaccharide. 

5 22. The tnelhod of clalrtj 21 . whccdn isaiJ biopulymer is a nucleic acid- 

23. Tlie meUuid of claim 22, wherein said nyclcic acid is DNA. 

24. 'Die nneihod of cl&jm 22. wherein said nucldc acid i.s RN A . 

10 

25. The method of claim 1 , \vherL:£h said large i>ry:mic molecule hix^ » mass of greater than 
about 1,000 Da. 

26. The nictliod i>f cimm 25 . whcruin »aid large orgEinic molecule has a uiass of greater than 
15 aboul 27.000 Da. 

27. The method of claim 26, wherein said large organic molecule has a mtiss of greater than 
about 250,000 Da. 

20 28. The medtod of claim 27, wherein said large orgatiic molecule has a mass of greater than 
about 3 15,000 Da. 

29. The metliod of claim 1 , wlierdn said matrix has -a sublimation rale at room temperature 
of (at Jcast 0.1 umomin'' at a pressure of less than about 10*" Torr. 

25 

30, The method ofehiim 1 , whctcit) ntntrix has a sublimation rale at room temperature 
of from about 0.01 pm-iiuii"^ to about 0.1 nimimin^ at a pressure of less than about 10'^ Torr. 
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3 1 . The meihod of claim 1 , wherem said matrix lias an absarplion coefTicient greater than 
about lOLun'-mor'. 

5 32. The method of claim I , wherein said dc$orbini! comprises exposinji 

matrix:molccuto mixture to a source of energy to desoi-b s^id )arpc organic molecule from rhe 
muliix. 

33- The method of daim 32, wherein said utmrniz of energy is pulsed laser nidiation. 

10 

34. Thi: method of claim 33, wherein said pulsed la-scr radiation compnse5{ applying an 
energy of about 20 kV followed by a pxilsc of energy of about 17 kV pulse. 

35. The method of claim 34, wherein said pul$c of energy comprises lighi having a 
1 5 wavelength of about 353 ran. 

36. The mctliod of claim 1» wherein f5«:d mass spectroitiCLry comprises time-of-flight mass 
Kpeclrometiy. 

20 37. The method of claim 36, wherein the mass of said ioni7ed large oni^nic molecule is 
determined by summing mitss spectra over about 200 laser pulses. 

38. A method lor preparing a sampJc of large organic molecules for mass spectral analvRis, 
said method comprising: 

25 a) providing a isohction coniprisinjr s«ud large org^uiic molecule to be analyzed, a 

volatile, light-absorbing hydroxj'-hcaring matrix composition, and a .solvent; and 
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b) evaporating sold solvent lo provide a solid m£.tr:x m&tcri!)! containing the 
molsculc to be analyzed. 

39. The method of claim 3 S, wherein said matrix composition is selected from the group 
5 conzsisling tssisi«nlial)y o T phenols, hydiuxyquinoliueii^ and hydroxj'O^phlhidenes. 

40. The method of duhii 39. wh;;rcin i^ciid matrix compO!%hion is a phenol. 

41 . The method of ciuim 40. xvhcrcin said phenol is 4-n5i.mphcni>l. 

10 

42. The mcLht)d of claim 39, whcrrein .saiil miilrix composition is a hydroxyquinoline. 

43 . Tlic rnc(hi)d of claim 42, wlicrcin jjaid hydroxyquinoline is 8-hydroxyquinoliiiC. 
15 44. The method of claim 38, wherein said large organic molecule is a polymer. 

45. The method of claim 44> wherein said polynier is a biopolymer, 

46. Tlie meibod of claim 45, wherein afdd biopulymer is selected from the group consisting 
20 of nucleic acid« polypeptide* peptide nucleic acid and oligosaccharide. 

47. The method of claim 4fi, wherein s^id biopolvnier is a nucleic acid. 
4». The method of claim 47, wherein said nucleic acid is DNA. 

25 

49. The method of claim 47, wherein said nucleic acid is RNA. 
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50, The method of claim 38, wherein said large organic molecule haR a mass of greater than 
about 000 Da. 

5 1 . The method of claim SO, wherein said hTg\: organic molecule has a mass of greater thnn 
about 27,000 T)a. 

52. Thi; mclliad of claiw) 5 1 . wherein suid large urganic moJecule hL% a mass of gre;*icr lhark 
about 250,000 Da. 

53. The method of claim 52, wherein said laijje organic moluculL' hits a mass of greater thim 
about 3 15,000 Da. 

54, The method of claim 3 8, wherein said matrix ha» a sublttnution rate al room temperature 
of at least 0.1 ^m>min~' a pru^tfurc of Ic^ia ihan abuul 10 '^ Torr. 

55, I'he melhod of ciwim 38, wherein .s!ild m-iLrix has an absorption coefficient greater than 
about 10 UcnV^mol'V 
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